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Whisky Tasting Using a Bimetallic Nanoplasmonic Tongue 
Gerard Maciasa†, Justin R. Sperlinga†, William J. Peveler b, Glenn A. Burley c, Steven L. Neale a , and 
Alasdair W. Clark* a
Metallic nanostructures are ideal candidates for optical tongue devices thanks to their chemical stability, the sensitivity of 
their plasmonic resonance to environmental changes, and their ease of chemical-functionalization. Here, we describe a 
reusable optical tongue comprised of multiplexed gold and aluminum nano-arrays; a bimetallic device which produces two 
distinct resonance peaks for each sensing region. Through specific modification of these plasmonic arrays with orthogonal 
surface chemistries, we demonstrate that a dual-resonance device allows us to halve sensor sizes and data-acquisition 
times when compared to single-resonance, monometallic devices. We applied our bimetallic tongue to differentiate off-
the-shelf whiskies with > 99.7% accuracy by means of linear discriminant analysis (LDA). This advance in device 
miniaturization, functionalization, and multiplexed readout indicates nanoplasmonic tongues will have future applications 
in chemical mixture identification in applications where portability, reusability, and measurement speed are key.
1. Introduction
Today’s electronic sensing devices are designed to resemble 
and enhance the biological senses (2). Photodetectors (3-5), 
pressure and temperature sensors (6, 7), and microphones (9) 
can be related to the biological counterparts of vision, touch, 
and hearing, respectively. However, there are still two senses 
that are extremely challenging to replicate: smell and taste – 
both of which are essential when it comes to detecting 
individual components in complex chemical mixtures or 
differentiating and grouping different mixtures (10, 11).
Chromatography is the current gold-standard for detection, 
identification, and classification of chemical components from 
complex gas (12) and liquid (13) mixtures. However, the nature 
of chromatographic identification techniques (such as liquid 
chromatography mass spectrometry) requires specialized 
laboratory equipment for the separation and analysis of a 
sample’s chemical components. This results in costly, time-
consuming, and often low throughput processes (14) that are 
unsuitable for applications where real-time monitoring or 
portability are desirable (air and liquid sampling in the 
security, food, or drug sectors, for example). In response to 
these issues artificial ‘tongues’ and ‘noses’ consisting of 
multiple, cross-reacting sensing elements have been 
developed (10, 15-19). Compared to the aforementioned 
laboratory-based tools (12, 13), these devices are portable, 
highly sensitive (20), do not require component isolation, and 
can be fabricated relatively cheaply (21, 22).
Our perceptions of taste and smell rely on multiple partially-
selective chemoreceptors that result in distinct electro-
chemical patterns for specific flavors and odors (23). 
Influenced by this mechanism, artificial tongues/noses work by 
combining the responses of multiple cross-reactive sensors, 
allowing them to identify chemical mixtures through trained 
pattern recognition (15, 20) rather than by measuring absolute 
concentrations of specific components within the mixture (20, 
24, 25). The more sensing regions added to the analysis, the 
more potential the device has to differentiate between 
mixtures (26). Pattern-recognition sensors such as these are 
extremely versatile and have found applications in medical 
diagnostics (16, 27-31), environmental monitoring (32, 33), 
and food-safety (10, 17, 34). 
A wide variety of materials have been used in order to 
construct artificial pattern-recognition sensors, including 
fluorescent polymers, doped metal oxides, and olfactory 
proteins. (25) (35, 36) Recently, surface formed plasmonic gold 
(Au) nanostructures have emerged as a particularly useful 
sensing platform for these systems thanks to their chemical 
stability, the sensitivity of their plasmonic resonance to 
environmental changes, their ease of chemical-
functionalization, and their easy reusability in comparison to 
solution phase sensing arrays (37, 38). The optical response of 
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Au nanostructures is dictated by their localized surface 
plasmon resonance (LSPR), a phenomena particularly sensitive 
to changes in local refractive index (39). Partial-selectivity in 
these devices is achieved by using multiple arrays of 
nanostructures, each modified with a different surface-
chemistry, as individual sensing regions.  When exposed to the 
same solution, the resonance peak-shift of each region varies 
due to the particular local chemical modification. Monitoring 
these variations results in the desired “fingerprint” for that 
mixture (31). However, the need for multiple sensing regions 
inevitably impacts device size and measurement times. As a 
result, there are size, weight, and speed advantages associated 
with reducing the number of sensing regions required for 
mixture classification. 
Here, we present a reusable optical tongue device with three 
sensing regions, where each region is capable of obtaining two 
partially selective responses from a single measurement. Each 
region consists of two superimposed nanoplasmonic arrays 
featuring two distinct metals: Au and aluminum (Al). This 
allows for the orthogonal chemical-functionalization of each 
superimposed array via thiol (Au) (40-42) and silane (Al) (41, 
43) chemistries, while also allowing us to obtain two 
resonance peak-shifts using a single optical measurement. 
Compared to a device containing its monometallic 
counterparts, we demonstrate that our device containing 
bimetallic Au/Al sensors can halve the number of sensing 
elements required (reducing device size and number of regions 
to probe [i.e. data acquisition time]) without compromising 
the identification and classification capabilities of the device. 
We go on to show that these sensors can be used as an optical 
tongue to distinguish between seven different whiskies and 
three controls.
2. Experimental
2.1 Device Fabrication
Devices were fabricated using electron-beam lithography and 
metal-evaporation. Nanosquares of 100 nm x 100 nm, with a 
300 nm period in X and Y were patterned into a resist bi-layer 
of poly(methyl methacrylate) (PMMA) resist 2010 and PMMA 
2041 (total thickness 150 nm)  using a Vistec VB6 Ultra High 
Resolution Extra Wide Field electron beam lithography tool. 
Following development of the pattern, a 2/50 nm Ti/Au layer 
was evaporated onto the sample using a Plassys MEB 
400S/550S electron-beam evaporation tool. These fabrication 
steps were then repeated to add 50 nm thick Al 
nanostructures.
2.2 Surface Functionalization 
The bimetallic device consisted of 3 Al/Au nanoarray regions. 
To create different localized environments for each region of 
the device, surface chemistry modifications were made. The 
first array consisted of unmodified Au and Al (with its native 
oxide layer). For these arrays, the base substrate was 
borosilicate glass (Figure 2a(i)). For the second array, exposed 
sensor regions were immersed in a 10 mM ethanolic solution 
of 1-decanethiol (DT, Sigma-Aldrich) for 24 hours, rinsed three 
times with ethanol and dried with nitrogen. 
Hexamethyldisilazane (HMDS, Sigma-Aldrich) was then spun 
on at 4000 RPM for 60 seconds, allowed to air-dry for 2 
minutes, and the excess was washed off. This produced the 
Au-DT and Al-HMDS surfaces (Figure 2a(ii)). For these regions, 
the base substrate was modified to glass-HMDS. For the third 
set of chemistries, exposed sensor regions were immersed in a 
10 mM ethanolic solution of 1H,1H,2H,2H-perfluoro-1-
decanethiol (PFDT, Sigma Aldrich) for 24 hours, rinsed three 
times with ethanol and dried with nitrogen. The exposed 
regions were then immersed in a 0.5% solution (by volume) of 
2-[methoxy (polyethyleneoxy)6-9 propyl] trimethoxysilane 
(PEG, Sigma-Aldrich) in toluene for 1 hour, rinsed three times 
with toluene, followed by rinsing three times with deionised 
water. The substrate was then nitrogen dried, and oven-baked 
at 100°C for 30 minutes to produce the Au-PFDT and Al-PEG 
surfaces (Figure 2a(iii)). For these regions, the base substrate 
was modified to glass-PEG. A monometallic device consisting 
of 6 nanoarray regions (3 Al and 3 Au) was fabricated for 
comparison. The same surface modifications were made to 
create the six sensing regions of Al, Au, Al-HMDS, Au-DT, Al-
PEG, and Au-PFDT. Shifts of the transmission spectra (in water) 
from surface chemistry modifications are shown in Figure S4, 
Supporting Information.
2.3 Solution Preparation
Solutions of 10%, 20%, and 30% acetone (by volume) and 10%, 
20%, 30%, and 40% ethanol (by volume) in deionised water 
were prepared. The selection of whiskies and vodka in Table 1 
were purchased from their respective distilleries.
2.4 Experimental Setup: 
A polydimethylsiloxane (PDMS) chamber on a glass slide was 
filled with each solution and samples were submerged in the 
chamber and slightly agitated for 2 minutes. A custom-built 
micro-spectrophotometer was used to measure the real-time 
transmission spectra (0.5 nm resolution). Light from a VIS-NIR 
light source (tungsten-halogen 400 to 1200 nm wavelength) 
was used to probe each element of the sensor. A 10x objective 
was used to couple the transmitted light into an optical-fiber 
attached to a StellarNet Microspectrophotometer (StellarNet 
Blue Wave). With this objective, the spot size of the optical 
fiber is around 45 μm. For ease of measurement, each element 
in the sensor was thus fabricated to be 300 μm2 in size. For the 
acetone and ethanol solvent differentiation, three different 
preparations of each solvent were made, and subsequent 
transmission spectra were taken. For the alcohol 
differentiation experimentation, thirty transmission spectra 
per sensor region, for each solution, were measured. Between 
measurements, samples were rinsed in water, then ethanol, 
and nitrogen dried. A baseline measurement of a “blank” 
region the sample was used prior to measuring an element in 
one of the tongue arrays for background correction.
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2.5 Data Analysis
MATLAB was used to analyze the transmission spectra. The 
transmission spectrum was smoothed (20 points, mean-
average smoothing) and interpolated (from 0.5 nm to 0.01 
nm). The peak position value of the minima peaks (one for 
each monometallic element and two for each bimetallic 
element) was determined. The resulting transmission peak 
values (wavelength in nanometers) were arranged in a data 
matrix, where the rows of the matrix corresponded to a 
particular solution and the columns corresponded to the 
wavelength of the resonant peaks for each chemistry- Au, Al, 
Au-DT, Al-HMDS, Au-PFDT, Al-PEG. The data matrix was first 
analyzed using the inherent principal component analysis 
(PCA) function in MATLAB (by singular value decomposition 
algorithm). The variance for the scree plot was obtained from 
the MATLAB PCA result set. Linear discriminant analysis (LDA) 
was then performed on the same data matrix using Systat 13 
software. An example of the data matrix and further 
information on the PCA and LDA techniques can be found in 
the Supporting Information.
3. Results and Discussion
Our bimetallic sensor consists of two arrays of square 
nanostructures organized in a "checkerboard"-like 
arrangement; one array constructed with Au, the other with 
Al. This configuration was chosen so that the device displayed 
two well-resolved peaks in the visible spectrum, with low 
transmission at their respective minima (design optimization 
details can be found in the Supporting Information). The 
bimetallic sensor was fabricated on a borosilicate-glass 
substrate via a multi-step electron-beam lithography process.  
Figure 1a shows SEMs of (i) monometallic Al, (ii) monometallic 
Au, and (iii) bimetallic Al/Au. In the SEM images, the two 
metals can be differentiated due to their distinct electron 
scattering properties, Au being ‘brighter’ than Al (44). Figure 
1b shows a typical transmission spectrum for a bimetallic 
sensor (solid, black line) compared to equivalent monometallic 
sensors of Al (dotted, blue line) and Au (dotted, red line). As 
confirmed by the spectra of the two monometallic sensors, the 
two peaks in the bimetallic transmission spectrum at 500 nm 
and 660 nm correspond to Al and Au, respectively. 
Both Au and Al can support selective functionalization of their 
surfaces. While the Au nanostructures can be readily modified 
by thiol chemistry (40-42), the native oxide layer present on 
the Al nanostructures displays -OH groups which enables 
modification via silane chemistry (41, 43). The presence of 
organic ligands on plasmonic arrays is known to influence the 
extent to which certain organic molecules interact with the 
arrays, thus affecting the refractive index around the 
nanostructures and in-turn their resonant properties (37). 
While monometallic sensor arrays with single-ligand 
modifications have been reported (31), bimetallic arrays that 
allow dual-ligand modifications have yet to be explored. 
Our system comprised of 3 bimetallic sensor arrays, each 
exhibiting unique surface chemistries: a sensor consisting of 
native Au and Al (Figure 2a); a sensor where the Au was 
modified with DT (1-decanethiol) and the Al with HMDS 
(hexamethyldisilazane) (Figure 2b); and a sensor where the Au 
was modified with PFDT (1H,1H,2H,2H-perfluoro-1-
decanethiol) and the Al with PEG (2-[methoxy 
(polyethyleneoxy)6-9 propyl] trimethoxysilane) (Figure 2c). 
These surface chemistries were chosen to represent varied 
levels of hydrophobicity/philicity and different chemical 
Figure 1. Comparison of mono- and bimetallic LSPR sensors. (a) SEMs showing (i) 
monometallic Al, (ii) monometallic Au, and (iii) bimetallic Al/Au regions. (b) 
Transmission response of arrays of Al-only (dotted-blue), Au-only (dotted-red), and 
bimetallic Al/Au (black solid) in water.
Figure 2. Effect of surface chemistry on the sensitivity of Au, Al, and Au/Al sensor 
arrays. (a) Surface chemistry combinations used: (i) native Al, Au (ii) Al-HMDS, Au-
DT, and (iii) Al-PEG, Au-PFDT. (b) The shift in plasmonic response from water for 
monometallic arrays in 10%, 20%, and 30% solutions (v/v) of (i) acetone and (ii) 
ethanol. (c) The shift in plasmonic response from water for bimetallic arrays in 10%, 
20%, and 30% solutions (v/v) of (i) acetone and (ii) ethanol.  The different surface 
chemistries (native Al, Al-HMDS, Al-PEG, native Au, Au-DT, and Au-PFDT) alter the 
plasmonic peak of the nanostructures when exposed to the same organic solvent. This 
results in different peak-shifted curves. The RIU values for acetone and ethanol 
solutions were obtained from S.S. Kurtz, et.al. (1965) (1) and T.A. Scott (1946) (8), 
respectively. For (b) and (c), the lines are present to guide the eye and the error bars are 
one standard deviation from the average.
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functionalities. Altering the surface chemistry of the 
nanostructures affects how individual chemical components in 
a mixture interact with the structures, altering their optical 
response. In addition to this “bimetallic” sensor array, a 
corresponding array of 6 equivalent monometallic sensors of 
Au and Al were also produced, matching the chemistries used 
on the bimetallic sensors (i.e. 3 Au arrays and 3 Al arrays). The 
monometallic (Figure 2b) and bimetallic (Figure 2c) sensors 
were tested against varying refractive index media adjusted 
with (i) acetone and (ii) ethanol. The resulting resonance shifts 
from water (RIU=1.333) were compared using RIU values for 
acetone (1) and ethanol (8) solutions.
Three trends were identified: 
(1) Regardless of the metallic composition of the 
nanostructures, the organic solvent used to modify 
the refractive index, or whether the region is 
monometallic or bimetallic, the sensitivity curve 
depends on the organic ligand present on the 
nanostructure (e.g, the Al, Al-HMDS, and Al-PEG 
curves in Figure 2b(i) are different).
(2) For any given surface chemistry on either the 
monometallic or bimetallic sensor, the sensitivity 
curve depends on the type of organic solvent used to 
alter the refractive index rather than just shifting with 
RIU alone (e.g. the Al-HMDS curves in Figure 2b(i) and 
Figure 2b(ii) are not the same.)
(3) The sensitivity curves of the monometallic and 
bimetallic sensor for the same metal composition, 
organic ligand, and organic solvent, differ; the 
bimetallic sensors response is fundamentally 
different from its monometallic counterparts (e.g. the 
Al-HMDS sensitivity curves in Figure 2b(i) and Figure 
2c(i) are not the same.)
In all three cases, we attribute these behaviors to the 
segregation of the solvent at the sensor-liquid interface and 
corresponding changes to the local refractive index. Solvent 
segregation is dependent on the chemical groups present at 
the interface (45); using different metals and different ligands 
on the surface results in different segregation behavior, which 
likely explains the different plasmonic responses. This is 
especially important when comparing the monometallic and 
bimetallic responses; the presence of a second metal and 
second ligand results in additional differential solvent 
segregation behavior. These results confirm that we can tailor 
the partial selectivity of the device via the orthogonal silane 
and thiol chemistry. 
To further verify the applicability of the bimetallic approach for 
implementation as an optical tongue device, we performed a 
principal component analysis (PCA – a non-biased, multivariant 
analysis technique) (19, 46) across 10 different bimetallic 
‘tongues’ using the data from our acetone/ethanol test. Each 
bimetallic tongue consisted of three element pairs: Al/Au, Al-
HMDS/Au-DT, and Al-PEG/Au-PFDT. For the PCA, each row 
corresponded to a particular solvent tested, and each column 
corresponded to the transmission peak minimum for each 
surface chemistry. Further explanation of the PCA analysis 
used can be found in the Data Matrix for Analysis section of 
the Supporting Information. 
Figure 3 shows the PCA of the first two principal components 
(that explain 87.3% of the total variance), where black dots 
represent DI water, red dots represent acetone-based media 
and yellow dots represent ethanol-based media. These results 
show that by combining the response of multiple surface 
chemistries on our bimetallic sensors, we are able to cluster 
the results from each solution into a map. 
While delineation of classes (acetone/ethanol and the v/v 
percent of each) is shown, it is important to note that this PCA 
analyzed the results across 10 different optical tongue devices. 
A close look at SEM images of each of these devices revealed 
that, while within the specifications of our e-beam lithography 
tool (i.e. 20 nm spatial resolution), the X-Y distances between 
our two metals was slightly different in each device (see 
Supporting Information). Given the high sensitivity of 
plasmonic nanostructures to their near-field environment, 
such minute misalignments can result in slight differences 
from sensor to sensor (47, 48) (confirmed by simulations 
Figure S3, Supporting Information). Additionally, variations in 
position between the Al and Au arrays can alter the surface 
wettability and segregation properties. This is because the 
distribution of hydrophobic and hydrophilic groups is 
dependent on the position of the metals and their uniquely 
modified surface chemistries within the array (49). Thus, the 
spread of points within each class in the PCA is most likely 
attributed to this fabrication resolution. Regardless, the PCA 
shows ordering of the different solutions by combining the 
response from three sensing regions, which constitutes the 
basic requirement for the development of an artificial tongue. 
Figure 3. PCA for organic solvent differentiation. The transmission peaks of 10 
bimetallic devices (30 sensing regions) in 10%, 20%, and 30% acetone and ethanol 
solutions were used to generate a PCA with each sensor as a new row of the PCA.
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Similar behavior was observed with comparable monometallic 
sensors (six sensing regions) and can be found in the 
Supporting Information.
Table 1. Alcohols tested in the whisky tongue.
To further demonstrate the capabilities of the bimetallic 
tongue, we used one device to differentiate between seven 
different whiskies with identical ethanol contents (40%), a 40% 
vodka, and 40% ethanol in water, with water as the control (as 
shown in Table 1). This test was performed on a single 
bimetallic array to minimize the variance between sensors that 
would increase the noise within the data. The resulting 
response of the bimetallic array was compared to an 
equivalent monometallic array (containing six sensing regions). 
Figure 4a(i) and Figure 4b(i) show the 2D PCA results for the 
monometallic and bimetallic tongues, respectively. These PCAs 
show only the alcoholic solutions; water is off the axis set. Full 
PCAs can be viewed in the Supporting Information.
Sensor performance is determined by the dimensionality of 
the PCA, the distance between the groupings, and ‘tightness’ 
of the groupings. The dimensionality is measured by the 
number of components required to account for 95% of 
measurement variance, as shown in Figure 4a(ii) and Figure 
4b(ii). For the plasmonic tongue comprised of six 
monometallic sensors, two dimensions (principal components) 
contained >95% variance; and for the plasmonic tongue 
comprised of three bimetallic sensors, the first two principal 
components (PCs) contained 94.6% variance (with >95% of the 
variance over three dimensions). The overall difference 
between the cumulative variance of monometallic and 
bimetallic tongues with two principal components is very 
small. In both cases, the important qualitative point is that the 
PCA algorithm shows distinct differentiation of the different 
test solutions with large spacings between these groupings. 
In both PCA analyses (mono- versus bimetallic) the pattern of 
water versus whisky and ethanol/vodka versus whisky is 
largely similar. W1 (Glenfiddich 12y) in particular gives a 
markedly different signal to the other spirits tested. Analysis of 
the PCs in each tongue give an indication of the elements 
contributing to the sensor response. As shown in Table S3 
(Supporting Information), for the monometallic tongue, PC1 is 
from the transmission peaks corresponding to the Au 
nanostructures, particularly Au and Au-PFDT that separate 
water from ethanolic solutions. Al-HDMS contributes to the 
PC2, along with Al which has the most separation of the 
whiskies/controls. In the bimetallic tongue, many chemical 
functionalities contribute to the PC1, leading to the separation 
of the water and whiskies as well as improved separation 
between vodka and ethanol solution, but PC2 is dominated by 
Al and Al-PEG, demonstrating that by combining the surface 
chemistries in a single device, very different behavior is 
observed.  
In this sensor configuration we hypothesize that whilst the 
main driver in the solution fingerprints is clearly the EtOH 
content (vs water), the trace differences between a pure EtOH 
solution and the compounds present in the spirits are causing 
significant signal variations. These compounds include the 
additional alcohols present in whiskies (propanols and 
butanols), organic aromatic components (phenols, terpenes 
and vanillin), and aliphatics (lactones). Each of these 
components will have different interactions with the sensor 
surface coatings dependent on their partial solubility and 
hydrophobicitiy/phillicity. It is proposed the most hydrophilic 
components will interact favorable with the bare Al and PEG 
surfaces, whilst the most hydrophobic will prefer to interact 
ID Name Serial Number % Type Region Barrel Malt Age
0

DI H2O - 0 Deionized Water - - - -
E

40% Ethanol
in DI H2O (v/v)
- 40 Deionized Water / 
Ethanol Mixture
- - - -
V

Absolut L20180109H
16:07
40 Vodka - - - -
W1
+
Glenfiddich  12 y L33B46542108
0841
40 Scotch Whisky Speyside Amer. Oak /
Eur. Sherry
Single 12
W2

Glenfiddich  15 y L33B44663005
1142
40 Scotch Whisky Speyside Eur. Sherry /
Solera Vat
Single 15
W3

Glenfiddich  18 y L33B46271907
1531
40 Scotch Whisky Speyside Amer. Oak /
Span. Oloroso
Single 18
W4
+
Glen Marnoch
Sherry Cask
LBB6B1406
021117 15:44
40 Scotch Whisky Highland Amer. Oak /
Eur. Sherry
Single -
W5

Glen Marnoch
Bourbon Cask
LBB6B1405
021117 19:42
40 Scotch Whisky Highland Amer. Oak /
Bourbon
Single -
W6

Glen Marnoch
Rum Cask
LBB6B1407
021117 17:53
40 Scotch Whisky Highland Amer. Oak /
Caribbean Rum
Single -
W7

Laphroaig 10 y L6262MB2
22990853
40 Scotch Whisky Islay Bourbon Single 10
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with the Au and Au-DT surfaces. Factors such as pH or ionic 
strength may also contribute to the subtle changes seen on 
the sensor chips.  
After analyzing the PCA and discrimination capabilities of both 
mono- and bimetallic tongues, we can conclude that both 
tongues are able to differentiate between the whiskies tested 
thanks to the functional groups present on their surface. To 
investigate whether formal classification was possible, linear 
discriminant analysis (LDA), a supervised technique, was 
applied to the data to generate new “scores” (in a similar 
methodology to PCA) to maximize separation between known 
clusters whilst minimizing variance within each cluster (50). 
Both the mono (Figure 4a(iii)) and bimetallic (Figure 4b(iii)) 
tongues performed excellently and could classify (using leave-
one-out cross validation to test accuracy) 100% and 99.7% of 
the data, respectively. Although the bimetallic tongue 
confused one instance of W3 for W5, this was arguably 
compensated for by its ability to provide two signals from one 
measurement and therefore make half the number of 
measurements required to collect the data, requiring less 
sample volume. Additionally, the greater cross-reactivity on 
these sensor elements increases the potential for tuning and 
improving the fingerprint responses by incorporating different 
pairings of surface chemistry.
4. Conclusions
We have presented a reusable bimetallic nanoplasmonic 
tongue that displays two distinct resonance peaks per region 
and whose orthogonal surface chemistries can be selectively 
modified to tune their ‘tasting’ sensitivity. These unique 
features have allowed us to halve both the sensor size and 
necessary data-acquisition time while still providing dataset 
clustering upon PCA and successful classification with LDA. This 
is a versatile system, allowing the development of high quality 
nanoplasmonic tongues for any given application via simple 
alterations to the chosen surface ligands and/or plasmonic 
metals in order to produce new sensors with unique chemical 
responses. This new approach to artificial tongue design may 
spur the development of portable devices for applications in a 
point of care diagnostics, counterfeit detection in high-value 
drinks, environmental monitoring, and defense.
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1Caption:
A bimetallic nanoplasmonic tongue capable of distinguishing between a variety of commercial 
whiskies.
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